New 2-chloromethyl-6-halogeno-imidazo[1,2-a]pyridines and 2-chloromethyl-6-halogeno-3nitroimidazo[1,2-a]pyridines were prepared and reacted under experimental conditions of S RN 1 reactions with different sulfur and carbon centered nucleophiles to give new 6-halogeno-2substituted-imidazo[1,2-a]pyridines and 6-halogeno-3-nitro-2-substituted-imidazo[1,2-a] pyridines in good yields. Only the chloromethyl group was found to be reactive under these experimental conditions.
Introduction
Substitution reactions at an sp 3 carbon atom of the reductive alkylating agents, p-nitrobenzyl chloride or 2-halogeno-2-nitropropane, which proceed via a chain multi-stage sequence involving radical anions and free radicals as intermediates were first proposed independently by Kornblum 1 and Russell 2 in 1966. This pathway has been applied in 1970 to rationalize the substitution of unactivated aromatic halides and named S RN 1 by Bunnett. 3 The process has a considerably wide scope and synthetic capabilities. Recently, all the aspects of nucleophilic substitution reactions by electron transfer have been magnificently reviewed by Rossi, Pierini and Peñéñory. 4 Among the heterocyclic analogues of o-nitrobenzyl derivatives which react by S RN 1 reactions, our group has reported the S RN 1 reactions of nitronate anions with a series of imidazoles fused to a heterocyclic ring bearing the chloromethyl group ortho to the nitro group.
This system constitue a powerful synthetic tool to obtain nitro heterocycles with potential pharmaceutical properties. 5 Imidazo [1,2-a] pyridine derivatives are important compounds which are known for their useful pharmacological activities. 6 For example, gastric antisecretory, 7 local anesthetic, 8 antiviral, 9 hypnotic 10 and antianxiety 11 properties have been described. The nature and the position of the substituent on the pyridinic moiety influence these activities. 9 Zolpidem (Stilnox®, Ambien®, Myslee®) saled by Sanofi-Synthélabo, is a non-benzodiazepine hypnotic of the imidazopyridine class, leader of the international market with a blockbuster status for the treatment of sleep disorders.
As part of our current interest on the synthesis by S RN 1 reactions of new imidazo [1,2a] pyridines, which can be used in different coupling reactions for the preparation of more complex structures of pharmacological interest, we have prepared new 2-chloromethyl-6halogeno-imidazo[1,2-a]pyridines 3a-b and 2-chloromethyl-6-halogeno-3-nitroimidazo[1,2a]pyridines 4a-b ( Figure 1 ) and studied their reactivity with different nucleophiles under S RN 1 experimental conditions. 
Results and Discussion
Herein we describe the synthesis of 3a and 3b (Scheme 1) starting respectively from the commercially available 2-amino-5-chloropyridine (1a) or 2-amino-5-bromopyridine (1b) by condensation with 1,3-dichloroacetone (2) and nitration to give 4a and 4b (Scheme 2) and their conversion to new 6-halogeno-2-substituted-imidazo[1,2-a]pyridines 3c-d by reaction with sodium benzenesulfinate (Scheme 1) and 6-halogeno-3-nitro-2-substituted-imidazo[1,2-a] pyridines by S RN 1 reactions with lithium salt of 2-nitropropane 5a-b (Scheme 2), sodium phenylthiolate 6a-b, sodium benzenesulfinate 7a-b and sodium salt of diethylmalonate 8a-b (Scheme 3). Although S RN 1 displacements of aromatic substrates by sulfur nucleophiles can be achieved in DMSO with different types of initiation, 3 the PhSO 2anion has not been reported to react. With photostimulation in DMSO in presence of 2 equivalents of the sodium salt of benzenesulfinic acid, 3a and 3b react probably following an S N 2 mechanism only at the chloromethyl group with good yield, respectively 69 and 80%, to give the corresponding sulfones 3c and 3d. No substitution of chloride or bromide in position 6 has been observed under these experimental conditions. The sulfones 3c and 3d were also obtained with similar yields without photostimulation. The S RN 1 displacements on the pyridine moiety of the imidazo[1,2-a]pyridine being more difficult than an S N 2 on the chloromethyl group, we have prepared, new reductive alkylating agents, the nitro derivatives 4a and 4b and studied their conversion with different nucleophiles to the corresponding derivatives by S RN 1 reactions at the sp 3 carbon atom of the chloromethyl group. The C-alkylation of 2-nitropropane anion, which is a classical example of an S RN 1 reaction at sp 3 carbon atom of an o-or p-nitrobenzyl chloride, gives with 4a and 4b (Scheme 2) the ethylenic derivatives 5a and 5b in 70% yields. 5a and 5b result of the consecutive C-alkylation of the 2-nitropropane anion and nitrous acid elimination from the C-alkylation product (Scheme 2). These reactions are strongly inhibited in presence of TEMPO, a classical free scavenger used in the mechanism studies of S RN 1 reactions. 12 With the phenylthiolate anion, 4a and 4b react to give the corresponding sulfides 6a and 6b in 80% yields. (Scheme 3). These reactions also are inhibited in presence of TEMPO.
With the phenylsulfinate anion, 4a and 4b react to give the corresponding sulfones 7a and 7b in 80% yields. These sulfones could be used for further S RN 1 reactions with different electrophiles as recently shown in nitroimidazole series. 13 Finally, 4a and 4b react with diethyl malonate anion to give the corresponding diethyl malonates in 85% yields. 
6-Chloro-2-chloromethyl-3-nitroimidazo[1,2-a]pyridine (4a).
To a solution of (3a) (1.40 g, 7 mmol, 1 eq) in concentrated sulfuric acid (14 mL, 25.8 g, 0.26 mol, 37 eq) cooled by an icewater bath, nitric acid 65% (1.4 mL, 1.9 g, 0.02 mol, 2.9 eq) was added. The mixture was stirred and allowed to warm to room temperature and stirred at room temperature for 3 h. The mixture was poured into an ice-water mixture and a solid precipitated. The yellow solid was collected by filtration and dried in the air to give 4a in 70% yield. The analytical sample of 4a was obtained as a yellow solid by crystallization (isopropanol), m.p. 198.1 °C. 1 6-Bromo-2-(2-methylpropenyl)-3-nitroimidazo[1,2-a]pyridine (5b) . Following the procedure used for 5a, the bromo derivative 5b was obtained as a yellow solid in 70% yield from 4b. The analytical sample of 5b was obtained as a yellow solid by crystallization (isopropanol), m.p. 132 °C. 1 6-Chloro-3-nitro-2-phenylsulfanylmethylimidazo[1,2-a]pyridine (6a) . Sodium hydride 60% (0.32 g, 13.6 mmol, 3.3 eq) and thiophenol (1.34 g, 12.2 mmol, 3 eq) under an inert atmosphere (N 2 ) were added to DMSO (50 mL). The mixture was stirred for 1 h and 1 g (4.08 mmol, 1 eq) of 6-chloro-2-chloromethyl-3-nitroimidazo[1,2-a]pyridine (4a) was added. The mixture was stirred at room temperature for 30 minutes under irradiation with a tungsten 150W lamp. After disappearance of 4a (monitored by TLC) , the mixture was poured into an ice-water mixture and a solid precipitated. The yellow solid was filtered and dried in the air to give 6a in 80% yield. The analytical sample of 6a was obtained as a yellow solid by crystallization (isopropanol), m.p. 172.9 °C. 1 
6-Bromo-3-nitro-2-phenylsulfanylmethylimidazo [1,2-a] pyridine (6b).
Following the procedure used for 6a, the bromo derivative 6b was obtained as a yellow solid in 80% yield from 4b. The analytical sample of 6b was obtained as a yellow solid by crystallization (isopropanol), m.p. 173 °C. 1H NMR (CDCl 3 ) δ 4.66 (s, 2H, CH 2 ); 7.19-7.70 (m, 7H); 9.58 (dd, J = 1.1 Hz, J = 1.6 Hz, 1H, H5). 13 C NMR (CDCl 3 ) δ 33.3 (CH 2 ); 111.7 (C); 118.6 (CH); 126.9 (CH); 127.8 (CH); 128.9 (CH*2); 130.4 (CH*2); 134.2 (CH); 135.0 (C); 143.1 (C); 150.2 (C). The quaternary carbon atom bearing nitro group was not observed under these experimental conditions. Anal. Calcd. for C14H10BrN3O2S: C, 46.17; H, 2.77; N, 11.54. Found: C, 46.22; H, 2.61; N, 11.50.
2-Benzenesulfonylmethyl-6-chloro-3-nitroimidazo[1,2-a]pyridine (7a).
To a solution of 1.34 g (8.2 mmol, 2 eq) of sodium benzenesulfinate in DMSO (50 mL) under an inert atmosphere was added 1 g (4.1 mmol, 1 eq) of 6-chloro-2-chloromethyl-3-nitroimidazo[1,2-a]pyridine (4a). The mixture was stirred at room temperature for 3 h under irradiation with a tungsten 150W lamp. After disappearance of 4a (monitored by TLC), the mixture was poured into an ice-water mixture and a solid precipitated. The yellow solid was filtered and dried in the air to give 7a in 80% yield. The analytical sample of 7a was obtained as a pale beige solid by crystallization (isopropanol), m.p. 219.2 °C. 1 H NMR (CDCl 3 ), δ 5.12 (s, 2H, CH 2 ); 7.50-7.90 (m, 7H); 9.43 (dd, J = 0.8 Hz, J = 1.9 Hz, 1H, H 5 ). 13 . Sodium hydride 60% (0.54 g, 13.5 mmol, 3.3 eq) and diethyl malonate (1.3 g, 12.2 mmol, 3 eq) under an inert atmosphere (N 2 ) were added to DMSO (20 mL). The mixture was stirred 0.5 h and 1 g (4.08 mmol, 1 eq) of 6-chloro-2-chloromethyl-3-nitroimidazo[1,2-a]pyridine (4a) was added. The mixture was stirred at room temperature for 2 h under irradiation with a tungsten 150W lamp. After disappearance of 4a (monitored by TLC), the mixture was poured into an ice-water mixture and a solid precipitated. The pale beige solid was collected by filtrationf and dried in the air to give 8a in 85% yield. The analytical sample of 8a was obtained as a pale beige solid by crystallization (isopropanol), m.p. 143 °C. 1 
